The recommended treatment for Social Phobia is individual Cognitive-Behavioural Therapy (CBT). CBT-treatments emphasize social self-beliefs (schemas) as the core underlying factor for maladaptive self-processing and social anxiety symptoms. However, the need for such beliefs in models of psychopathology has recently been questioned. Specifically, the metacognitive model of psychological disorders asserts that particular beliefs about thinking (metacognitive beliefs) are involved in most disorders, including social anxiety, and are a more important factor underlying pathology. Comparing the relative importance of these disparate underlying belief systems has the potential to advance conceptualization and treatment for SAD. In the cognitive model, unhelpful self-regulatory processes (self-attention and safety behaviours) arise from (e.g. correlate with) cognitive beliefs (schemas) whilst the metacognitive model proposes that such processes arise from metacognitive beliefs. In the present study we therefore set out to evaluate the absolute and relative fit of the cognitive and metacognitive models in a longitudinal data-set, using structural equation modelling. Five-hundred and five (505) participants completed a battery of self-report questionnaires at two time points approximately 8 weeks apart. We found that both models fitted the data, but that the metacognitive model was a better fit to the data than the cognitive model. Further, a specified metacognitive model, emphasising negative metacognitive beliefs about the uncontrollability and danger of thoughts and cognitive confidence improved the model fit further and was significantly better than the cognitive model. It would seem that advances in understanding and treating social anxiety could benefit from moving to a full metacognitive theory that includes negative metacognitive beliefs about the uncontrollability and danger of thoughts, and judgements of cognitive confidence. These findings challenge a core assumption of the cognitive model and treatment of social phobia and offer further support to the metacognitive model.
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Introduction
There are two main cognitive models and treatments of Social phobia or Social anxiety disorder (SAD) which are recommended by the National Institute for Health and Clinical Excellence [1] ; the model by Clark and Wells [2] and the model by Rapee and Heimberg [3] . In support of the guidelines, a recent systematic review and network meta-analysis showed that individual cognitive therapy is more effective than other psychological treatments and drug treatments. In particular, the treatment based on the Clark and Wells [2] model is highly effective [4] . Drawing on the work of Beck and colleagues [5] [6] cognitive models assert that maladaptive self-beliefs and assumptions (e.g. "I am foolish") give rise to negative interpretations of experience, negative feelings, and counter-productive safety behaviours aimed at preventing failure and embarrassment, and they play a key role in the development and maintenance of social anxiety.
In their model of SAD, Clark and Wells [2] assigned a role to schemas or cognitive beliefs, but they also drew on the metacognitive model [7] [8] and described how self-regulatory cognitive processes (e.g. self-focused attention) maintained social anxiety. According to Clark and Wells, negative cognitive beliefs (e.g. "I'm boring") are activated when the person with social phobia enters social situations. This in turn leads to negative interpretations of performance and a shift in attention to self-focus on a biased and distorted inner image of the self. Safety behaviours such as avoiding eye contact or rehearsing sentences in the mind in an attempt to be interesting are used to deal with negative beliefs about how one appears to others but they impair performance and increase self-focused attention. In addition to these factors, anticipatory worry and post-event rumination before and after social encounters contribute to problem maintenance. This pattern of processing can be traced back to underlying negative beliefs and assumptions about the social self.
Rapee and Heimberg's cognitive-behavioural model [3] shares many features of the Clark and Wells model [2] , but in addition argues that social phobic individuals are characterized by maladaptive self-related processing that could also be external, such as scanning the environment for signs of negative evaluation. However, this model also emphasizes cognitive beliefs as the underlying mechanism of all negative self-processing.
There is substantial empirical evidence for the role of self-focused attention and the use of safety behaviours as maintenance factors in social anxiety [9-10]. There are also several studies supporting a role of cognitive beliefs [11] . However, the need for these beliefs or cognitive schemas in explaining the cause of psychopathology has been questioned [7] and Metacognitive therapy [12] which does not deal with such beliefs is proving to be an innovative and highly effective treatment that may be more effective than CBT [13] .
More specifically, the Wells and Matthews metacognitive model [7] [8] 12] specifies that a different set of beliefs is important and have been overlooked in CBT. The beliefs concerned are metacognitive in nature representing beliefs about thinking: e.g. "When I start worrying I cannot stop" and "I do not trust my memory"). Wells and Matthews [7] [8] proposed that metacognitive beliefs are involved in most disorders including social anxiety. For example, the belief that worrying is uncontrollable leads to a persistence of worrying about the social self (e.g. "I'm boring") because the person does not use their mind to interrupt the process. In the metacognitive model, controlling attention and regulating excessive thinking such as worry are the most important factors underlying pathology, and these processes are directly linked to underlying metacognitive beliefs, and not cognitive beliefs or schemas as emphasised in cognitive models. In this approach, psychological disorder results from a thinking style called the cognitive attentional syndrome (CAS) [12] . The CAS consists of over-thinking in the form of worry/rumination, self-focused attention and maladaptive coping strategies, and this process is seen as the cause of disorder rather than cognitive beliefs or the content of negative appraisals [14] .
Thus, the cognitive model is one in which unhelpful self-regulatory processes such as selfattention, worry and safety behaviours arise from cognitive beliefs (schemas; e.g. "I'm boring") whilst the metacognitive model proposes that such processes arise from metacognitive beliefs (e.g. "I cannot stop worrying about being boring"). In support of the metacognitive model, findings from several studies suggest that metacognitive beliefs play a role in social anxiety [15] [16] [17] .
Comparing the relative importance of the disparate underlying belief systems in the cognitive versus the metacognitive models has the potential to advance our understanding and treatment and is therefore an important research area. In the present study, we aimed to progress the field by evaluating the absolute and relative fit of the cognitive and metacognitive models. Our research question was: Do these models fit the data and does one model fit better than the other? In the cognitive model the relationship between beliefs and anxiety is both indirect via self-processing and also direct. In the metacognitive model the direct path is possible but not mandatory. However, we retained the direct paths in both models so that the models were comparable and only one parameter (type of belief) was varied. In order to address our research question, we used a longitudinal design with two measuring points and structural equation modelling to test the fit of the cognitive-and the metacognitive model of social anxiety symptoms.
Methods

Participants and procedure
The study was conducted from mid-August 2016 in Norway and was approved by the Regional committee for medical and health research ethics (REC; ref.nr. 2016/705). Participants were invited to an online survey on social anxiety through advertisement on social media, and were informed that everybody who completed the survey at both time points would participate in a lottery to win an iPad. Several voluntary organizations for mental health in Norway shared information about the survey with their members and social media followers. In accordance with the ethical approval from REC, informed consent was obtained online following reading of the survey information sheet that was presented on the first page after accessing the link to the survey. No one could access the survey without reading the information sheet and consenting to participate.
A total of 712 participants completed the survey at time 1 (t1), 582 (81.7%) were female, and the mean age was 30.50 (10.38). The second round of questionnaires was administered approximately 8 weeks after completion of the first round. Five-hundred and five (505) participants also completed the questionnaires at time 2 (t2). In this sample, 412 (81.6%) were female, and the mean age was 30.27 (10.17). The drop-out rate from t1 to t2 was therefore 29%.
Measures
The Social Interaction Anxiety Scale (SIAS) [18] is at 20-item scale that measures fear of and responses to social interactions. It has shown high internal consistency (α = .93) and test-retest reliability (.92) [18] . SIAS has a range from 0 to 80, high scores indicating higher levels of social anxiety. In this study, the Cronbach's alpha was .95.
The Social Avoidance and Distress scale (SAD) [19] is a 28-item measure of distress in social situations and avoidance, using a true-false scale. Its internal consistency has been found excellent (α = .94) and its test-retest reliability ranged from .68 to .79 [19] . SAD has a range from 0 to 28, high scores indicating higher levels of social anxiety. In this study, the Cronbach's alpha was .95.
The Social Phobia Rating Scale [20] has five rating-scales assessing key components of the cognitive model and therapy [2] ; distress, avoidance, self-consciousness, use of safety behaviours, and negative cognitive beliefs. In the current study, we used the following subscales; Self-consciousness: participants are asked to rate how self-conscious they have felt in social situations the last week on a scale ranging from 0 (not at all) to 8 (extremely). Use of safety behaviours: participants are asked how often they use different examples of safety behaviours when they are socially anxious. Participants give a rating for 15 different examples of safety behaviours, e.g. "try to relax" and "avoid eye contact", on a scale from 0 (not at all) to 8 (all the time). A total score can be derived by summating the ratings for each item. In the current study, the scale had high internal consistency (α = .88). Cognitive beliefs: participants are asked to rate how much they believe 14 different negative beliefs characterizing social phobia on a scale from 0 (not at all) to 100 (totally convinced that the belief is true) when they are socially anxious, e.g. "I look bad" and "They will notice I'm anxious". A total score can be derived by summating the belief ratings for each item, so the total scale ranges from 0 to 1400. In the current study, the scale had excellent internal consistency (α = .96).
The Social Imagery Perspective Scale (SIPS: Wells, S1 File) is a 3 item self-report scale measuring the extent people experience a mental image of themselves from an observer-perspective in social situations, e.g. "When I'm in a social situation: I have an inner impression of how I look". Responses are required on a four-point scale ranging from 0 (never) to 3 (almost always). Prior to inclusion of the SIPS in the present study, we validated the measure in a cross-sectional study of 405 undergraduate students at the Norwegian University of Science and Technology. In this study, the internal consistency of the SIPS was good (α = .78), and it correlated significantly with the self-consciousness scale of the SPRS (r = .35, p < .001). We also evaluated incremental validity, correlating SIPS with SIAS while controlling for self-consciousness as measured by the SPRS, and the incremental predictive validity of the scale was confirmed (r = .19, p < .001). In the present study, the internal consistency of the scale was good (α = .82) and it correlated significantly with the self-consciousness scale of the SPRS (r = .48, p < .001). The incremental predictive validity of the scale was confirmed by correlating SIPS with SIAS while controlling for self-consciousness as measured by the SPRS (r = .29, p < .001).
The Metacognitions questionnaire 30 (MCQ-30) [21] is a 30-item self-report scale measuring metacognitive beliefs and processes about thinking. Responses are required on a fourpoint scale ranging from 1 (do not agree) to 4 (agree very much), and each subscale has a range from 6-24 points. The MCQ-30 has a five-factor structure: 1) positive beliefs about worry concerning beliefs about the usefulness of worry such as "worrying helps me cope"; 2) negative beliefs concerning the uncontrollability of worry and corresponding danger such as: "worry is uncontrollable" and "I could make myself sick with worrying"; 3) cognitive confidence, which concerns judgements of confidence in memory such as "I do not trust my memory"; 4) need to control thoughts that measures beliefs about the need for mental control such as: "I should be in control of my thoughts all of the time"; and 5) cognitive self-consciousness concerning the tendency to focus on thoughts: e.g. "I monitor my thoughts". High scores reflect greater dysfunction with the item in question. The measure has shown good internal consistency with Cronbach's alpha ranging from .72 to .93 [21] . In the current study, the Cronbach's alpha was .85 for positive metacognitive beliefs, .88 for negative metacognitive beliefs, .89 for cognitive confidence, .83 for need for control, and .78 for cognitive self-consciousness.
Results
Initially, before testing models we ran correlational analyses to examine the basic pattern of relationships between measures of social anxiety, self-processing, cognitive beliefs and metacognitive beliefs. Table 1 presents descriptive statistics and Pearson product-moment correlations between measures. All of the correlations were positive and significant. The data showed that schemas (SPRS cb) and metacognitions (MCQ-30) measured at time 1 were significant positive predictors of social anxiety measures (SIAS, SAD) at time 2. Cognitive beliefs and metacognitive beliefs measured at t1 were positively inter-correlated.
Subsequently, in order to test the fit of the longitudinal cognitive-and the metacognitive models, we used structural equation modelling [22] . Evaluation of model fit was conducted according to Hu and Bentler [23] , where the Comparative Fit Index (CFI) and the TuckerLewis Index (TLI) should be close to or more than .95, and where a standardized root mean square residual (SRMR) should be less than .08, and a root mean square error of approximation (RMSEA) less than .06, to represent good model fit. We also included the Akaike Information Criterion (AIC) [24] [25] where, in the comparison of non-nested models, the model with the minimum AIC value is regarded as the best fitting model. The cognitive model is specified in Fig 1. Social phobic cognitive beliefs (schemas) were treated as an observed variable and self-processing and social anxiety were latent variables with the observed constructs as indicated in the Figure. We used self-processing variables and social anxiety variables from the t2 dataset (maintenance factors), and cognitive beliefs from the t1 dataset in order to assess causality. The data did not fit the cognitive model well as evidenced by a significant chi-square statistic χ 2 (7) = 20.814, p < .01, however the other fit indices were mixed suggesting a reasonable but not exemplary fit; CFI = .994, TLI = .986, RMSEA = .063, SRMR = .015. The AIC value for the model was 48.814, and the squared multiple correlations were .76 for self-processing, and .84 for social anxiety. All the standardized regression weights in the model except from the path from cognitive beliefs to social anxiety were significant at the .001 level.
To test the fit of the metacognitive model, we replaced the cognitive beliefs with the total score of the MCQ-30, but the structure of the rest of the model was the same (Fig 2) and all other parameters were maintained. The fit of the metacognitive model was good χ was 41.269, and the squared multiple correlations were .60 for self-processing, and .85 for social anxiety. All the standardized regression weights in the model except for the path from metacognitive beliefs to social anxiety were significant at the .001 level. As the metacognitive model showed a good fit and a better fit than the cognitive model, we further explored which domains of metacognitive beliefs were associated with social anxiety as further specification potentially could have clinical implications. We used exploratory factor analysis (EFA) [26] with SIAS, SAD, SIPS, SPRS self-consciousness and safety behaviours from t2, and all subscales of the MCQ-30 from t1 to assess which metacognition subscales loaded on the same factor as the social anxiety measures. Direct oblimin was used as the rotation method, and two factors emerged from the analysis based on the Scree plot. Factor 1 was most closely related to social anxiety as both SAD, SIAS and the self-processing variables loaded most highly. In addition, two subscales from the MCQ-30; negative metacognitive beliefs and cognitive confidence, also loaded on this factor. Positive metacognitive beliefs and cognitive selfconsciousness loaded most on factor 2, so this factor appeared to be a separate metacognitive factor. The subscale of the MCQ-30; need for control, showed a co-loading on factor 1 and 2, and was therefore unclear.
Drawing on the EFA, we refined the metacognitive model, and created a latent metacognitive variable consisting of two observed metacognitive variables; negative metacognitive beliefs and cognitive confidence as depicted in Fig 3. We then tested the fit of this model with metacognitive beliefs from t1 specified as a latent variable and self-processing and social anxiety The metacognitive model of social anxiety symptoms from t2 included as before. The fit of this model was good χ 2 (11) = 17.206, p = .102, CFI = .997, TLI = .994, RMSEA = .033, SRMR = .015, and the squared multiple correlations were .71 for self-processing, and .85 for social anxiety. All the standardized regression weights in the model except for the path from metacognitive beliefs to social anxiety was significant at the .001 level. The refined metacognitive model was not a significantly better fit than the first metacognitive model (p = .415) tested, but was a significantly better fit than the cognitive model Δ χ 2 = -3.608, Δ df = 4, (p < .001).
Discussion
In this study, we tested the absolute and respective fit of the cognitive and the metacognitive model of social anxiety symptoms using structural equation modelling in a longitudinal dataset. We found that the cognitive model did not fit the data well overall but inspection of a range of fit indices implied a good fit on some indices. In contrast, the metacognitive model showed a consistent and good overall fit. Furthermore, in line with the fit indices, the AIC values indicated that the metacognitive model was a better fit to the data than the cognitive model.
In an attempt to specify the metacognitive model in greater detail we ran an exploratory factor analysis to determine the latent structure among the metacognitive subscale mediators and dependent variables in the model. Two metacognitive beliefs, uncontrollability and danger of worry, and cognitive confidence loaded on the social anxiety symptom factor. We therefore used these observed variables to specify a new latent variable: 'metacognitive beliefs'. This revised model also fitted the data well and showed an improved fit over the first metacognitive model suggesting that negative metacognitive beliefs about uncontrollability and danger of worry and beliefs concerning the effectiveness of memory may be particularly relevant for social anxiety. According to the metacognitive model [5, 12] , negative metacognitive beliefs are considered to be the most important domains across disorders because these beliefs lead to the persistence of the cognitive attentional syndrome (i.e. self-processing and worry) due to a failure to attempt control and because they lead to negative and threatening interpretations of mental events. Consistent with a role of metacognitive beliefs in causing disorder a recent study by Nordahl, Nordahl, Hjemdal and Wells [17] found that improvement in SAD symptoms following treatment was predicted by change in negative metacognitive beliefs. Wells and Matthews [5] have suggested that low cognitive confidence (in memory) could be instrumental in guiding an individual to focus on internal processes in order to try to compensate. This would constitute a disposition to shift attention towards self-processing (the CAS) in social-and performance situations. Low cognitive confidence and any associated self-focus has the potential to impair social performance because the individual may withdraw effort or attention from processing the external social situation. The result of any performance impairment this might cause is likely to be the reinforcement of negative judgements of cognitive confidence and hence continued worry and self-consciousness in social situations [5] .
The data add to the growing body of studies showing that metacognition is a contributor to social anxiety [15] [16] [17] [27] [28] [29] [30] . These results may point to the need to refine existing cognitive models so that they are closer to the metacognitive model. Our findings also suggest that treatment targeting negative social beliefs (schemas) may not be necessary and that treatment should aim to formulate and modify metacognitive belief dimensions. It appears that beliefs about the uncontrollability and danger of worry and beliefs representing reduced confidence in memory may be especially relevant. Consistent with the value of moving towards more metacognitive interventions, recent treatment studies that have done so have produced very positive outcomes. In particular, these approaches have focused more on removing the CAS and reducing self-focused attention and have de-emphasised modifying social beliefs [31] [32] [33] . Moreover, change in self-focused attention and change in negative metacognitive beliefs has been found to predict symptom improvement in patients undergoing psychological treatment [17] .
An incidental finding in this study was that the path from cognitive beliefs to social anxiety in the cognitive model, showed a non-significant regression weight. According to the cognitive model, cognitive beliefs, at least when expressed at the appraisal level should give rise to symptoms [2] . The failure to observe a significant path in the current model may be an effect of measuring social beliefs at an earlier distal point rather than as a more proximal maintenance process. In the specified metacognitive model, the path from metacognitive beliefs to social anxiety was also non-significant, but this is consistent with the metacognitive model where the effect of metacognitions is transmitted via the cognitive-attentional syndrome. Not with standing this, we included the direct path in the model tested here in order to hold all models constant with the aim of changing a single parameter across them; type of belief.
A limitation of our study is that our sample did not consist of patients with diagnosed social phobia. Further evaluations of the precise nature and relationships between metacognitive beliefs, the CAS (i.e. self-processing) and social anxiety in a clinical sample is required. We do not know if these models hold and the differences emerge in a clinical sample. In addition, the sample consisted predominantly of women and therefore we must be cautious in generalizing. Furthermore, controlling for time 1 social anxiety in our longitudinal models would have provided a more rigorous test on the basis of which to infer causality but it was not possible due to the high stability in the social anxiety measures (test-retest coefficient of .93 for SAD and .94 for SIAS).
In conclusion, both the cognitive and metacognitive models fitted the data well, but the metacognitive model of social anxiety was a better fit to the data than the cognitive model of social anxiety in this longitudinal data-set. Tentatively, the findings might indicate that treatment of social phobia could be advanced by addressing metacognitive beliefs, negative metacognitive beliefs about the uncontrollability and danger of thoughts and judgements of cognitive confidence in particular, rather than social-self (cognitive) beliefs. A pure metacognitive approach to treating patients with social phobia that does not focus on realitytesting the social content of cognition but instead enhances the regulation of thinking could be a beneficial alternative to CBT. These findings are important as they combine with a growing body of research showing that metacognition is a stronger determinant of psychological disorder than cognition.
Supporting information
S1 File. Social Imagery Perspective Scale (SIPS). (DOCX)
Author Contributions
Conceptualization: HN AW.
Data curation: HN AW.
Formal analysis: HN AW. 
